(19) 



(12) 



Europfllsches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 903 222 A2 

EUROPAlSCHE patentanmeldung 



(43) 


VerOff entlichungstag : 


(51) Int CI 6 - B32B 27/36 

\*J ' J HIl. VI . , WwfcW mm 1 f WW 




24.03.1999 Patent Watt 1999/12 




(21) 


Anmeldenummer: 98117903.9 




(22) 


AnmeWetag: 22.09.1998 




(84) 


Benannte Vertragsstaaten: 


• Crab, Gunther 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


65232 Taunussteln-Wehen (DE) 




MCNLPTSE 


• Davis, Richard Lee 




Benannte Erstreckungsstaaten: 


65187 Wiesbaden (DE) 




AL LT LV MK RO SI 


(74) Vertreter: 






(30) 


Prioritat: 23.09.1997 DE 19741878 


Schweitzer, Klaus, Dr. 




Patentanwaltskanzlei Zounek, 


(71) 


Anmekter: Hoechst Diafoll GmbH 


Industriepark Kalle-Albert, 




65203 Wiesbaden (DE) 


Rheingaustrasse 190-196 






65203 Wiesbaden (DE) 


(72) 


Erfinder: 


• 


Pelffer, Herbert 






55126 Mainz (DE) 





(54) Mehrschlchtige, biaxial orientierte Polyesterfolie, Verfahren zu ihrer Herstellung und ihre 
Verwendung 

(57) Die Erfindung betrifft eine zumindest drei- 
schichtige, biaxial orientierte Polyesterfolie, die bei sehr . 
gutem Verarbeitungsverhalten gegenuber Folien aus 
dem Stand der Technik verbesserte optische Eigen- 
schaften aufweist und die nach ihrer Metallisierung Oder 
nach ihrer Beschichtung mit oxidischen Materialien eine 
gute Sauerstoffbarriere besitzt, und die bekJseitig auf- 
gebaut ist aus mindestens einer Basisschicht B und auf 
dieser Basisschicht aufgebrachten Deckschichten A 
und C. wobei diese Deckschichten eine definierte 
Anzahl von Erhebungen mit einer definierten H6he und 
einem definierten Durchmesser aufweist. Die Erfindung 
betrifft weiterhin ein Verfahren zur Herstellung der Folie 
und ihre Verwendung. 



CM 
< 

CM 
CM 
CM 

CO 
O 

o> 
o 
Q. 

LU 

Printed oy Xara (UK) Buslntss Sirvtcts 

2.16.7/36 



Page 1 of 18 



Multilayer biaxially oriented polyester film, and the us thereof, and 
process for th production th reof 



Patent Number: 
Publication date: 
Inventor(s): 
Applicant(s): 
Requested Patent: 



US6291Q53 
2001-09-18 

DAVIS RICHARD LEE (DE); CRASS GUENTHER (DE); PEIFFER HERBERT (DE) 
HOECHST DIAFOIL.GMBH (US) 
EP0903222 , A3 
Application Number: US1 99801 5851 9 19980922 
Priority Number(s): DE19971041878 19970923 

IPC Classification: B32B5/16;.B32B5/22; B32B27/04; B32B27/36; B32B31/30 

EC Classification: B32B27/36 

Equivalents: DE1 9741 878 . JP11216829 

Abstract 

The invention relates to a biaxially oriented polyester film which has at least three layers and has better 
optical properties than films of the prior art together with very good processing performance, and, after it is 
metalized or coated with oxidic materials, is a good barrier to oxygen, and which is built up on each side ' 
from at least one base layer B and outer layers A and C applied to this base layer, where these outer layers 
have a defined number of elevations of a defined height and diameter. The invention further relates to the 
use of the film and to a process for the production thereof 
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Description 



The invention relates to a biaxially oriented polyester film which has at least three layers and has better 
optical properties than films of the prior art together with very good processing performance, and, after it is 
metalized or coated with oxidic materials, is a good barrier to oxygen, and which is built up on each side 
from at least one base layer B and outer layers A and C applied to this base layer, Where these outer 
layers have a defined number of elevations of a defined height and diameter. The invention further relates 
to the use of the film and to a process for the production thereof. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Biaxially oriented polyester films are used in packaging and in industry primarily where there is a need for 
their advantageous properties, i.e. good optical properties, high mechanical strengths, good barrier effect, 
in particular against gases, good dimensional stability when heated and excellent layflat. 

For most applications it is also desirable, e.g. for reasons of effective presentation, to improve the optical 
properties of the polyester films, in particular the gloss and the film haze. With this, the other performance 
characteristics of polyester films, in particular its good processability and its good barrier properties, should 
be retained at least or likewise improved. 

2. Description of the Related Art 

The prior art demonstrates how the optical properties, in particular the gloss and the haze, of biaxially 
oriented polyester films can be improved. 
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ABSTRACT 



The invention relates to a biaxially oriented polyester film 
which has at least three layers and has belter optical prop- 
erties than films of the prior art together with very good 
processing performance, and, after it is metalizcd or coated 
with oxidic materials, is a good barrier to oxygen, and which 
is built up on each side from at least one base layer B and 
outer layers A and C applied to this base layer, where these 
outer layers have a defined number of elevations of a defined 
height and diameter. The invention further relates to the use 
of the film and to a process for the production thereof. 
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FIGURE 1a: GOOD OXYGEN BARRIER 



FIG. 1a 




OXYGEN TRANSMISSION OTR: 3.2 cm 3 /m 2 d bar 
ROUGHNESS R a : 8nm 
FIGURE 1b: POOR OXYGEN BARRIER 



FIG. 1b 
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MULTILAYER BIAXIALLY ORIENTED sion or low permeability). A well known process for pro- 

I*OLYESTER FILM, AND THE USE ducing packaging of ihis lype consists in higb-vacuum 

THEREOF, AND PROCESS FOR THE aluminum metalizing of the plastic films used. Other well 

PRODUCTION THEREOF known processes consist in coaling the films with oxidic 

5 materials (e.g. SiO, or Al r O y ) or water glass. Essentially, the 

The invention relates to a biaxially oriented polyester coalings used are transparent, 

film which has at least three layers and has better optical The barrier effect against the substances mentioned above 

properties than films of the prior art together with very good depends essentially on ihe lype of ihe polymers in the film 

processing performance, and. after it is mclalizcd or coated and the quality of ihe barrier layers applied. Thus, a very 

with oxidic materials, is a good barrier to oxygen, and which 10 high barrier effect against gases, such as oxygen and flavors, 

is built up oo each side from at least one base layer B and is achieved in melalized, biaxially oriented polyester films, 

outer layers A and C applied to this base layer, Where these A barrier effect against steam is achieved in metalized, 

outer layers have a defined number of elevations of a defined biaxially oriented polypropylene films, 

height and diameter. The invention further relates to the use The good barrier properties of metalized or oxidically 

of the film and lo a process for the production thereof. 15 coalcd films mcan lhal lhcy arc used in part i cular for 



BACKGROUND OF THE INVENTION 



packaging foodstuffs and luxury foods, for which long 
storage or transport limes create the risk that the packaged 
1. Field of ihe Invention foodstuffs become spoilt, rancid or lose flavor if there is an 

Biaxially oriented polvester films are used in packaging 20 ""^equate barrier; examples are coffee, snacks containing 
and in industry primarily where there is a need for their J B P°«» chips, etc.) and drinks. containing carbon 
advantageous properties, i.e. good optical properties, high 10x1 c P° uc cs )' 

mechanical strengths, good barrier effect, in particular If polyester films mclalizcd with an aluminum layer or 
against gases, good dimensional stability when heated and having an applied oxidic layer are used as packaging 
excellent layfiat. 15 material, they are generally a constituent of a multilayer 



For most applications it is also desirable, e.g. for reasons 



composite film (laminate). Bags produced therefrom can be 



of effective presentation, to improve the optical properties of hl ' cd - for example, on a vertical tubular bag forming, filhog 

the polyester films, in particular the gloss and the film haze. aod " alm 8 rDacbine - The bags are heat-sealed on their 

With this, the other performance characteristics of polyester ' nward , s,d f ,e on ,he . side facin 8 * e contents), the 

films, in particular its good processability and its good 30 heat-scalable layer consisting generally of polyethylene or 

barrier properties, should be retained at least or likewise P° YPropylene. The composite film here typically has the 

imoroved following structure: polyester layer/ alumioum or oxide 

!?_'..-.„., layer/adhesive laver/hcat-scalablc layer. If the laminate 

2. Description of the Relaied Art thickness is from 'about 50 to 150 ^m. the thickness of the 

The prior art demonstrates how the optical properties, in meta i or ox i dc i aycr is on ly from 10 to 80 nm. Even this very 

particular the gloss and the haze, of biaxially oriented thin functional layer is sufficiently effective to achieve 

polyester films can be improved. adequate protection from light and very good barrier prop- 

EPO 514 129 describes a transparent multilayer film. erties. The oxygen barrier or the oxygen transmission is 

which comprises a substrate of a primary layer of polymer generally measured not on the laminate or the packaging 

material which, at least on one of its surfaces, has a ^ itself, but on the mclalizcd polyester film. To ensure good 

secondary layer of polymer material which has certain quality of the foodstuffs or luxury foods even after relatively 

concentrations and certain size distributions of glass beads long storage times, the oxygen transmission (identical with 

and silica particles. The secondary layer can be arranged on permeability) of ihe metalized film may not be greater than 

one or on both sides of the primary layer substrate. The haze 2 cm 3 /m 2 bar d, but in particular not greater than 1.5 cm 3 /m 2 

and processing properties are improved with the film, but no 45 bar d. In future, the demands of the packaging industry will 

improvement in ihe gloss and Ihe barrier properties of Ihe head loward still higher barriers, with allempls lo achieve 

film is provided in the text. There is also no indication of any permeability values of significantly less than 1.0 cm 3 /ra 2 bar 

kind in the text as to how the topography of such a film d for melalized or oxidically coated films, 

should be adjusted for simultaneous improvement of gloss . | n tne prior art, there is neither sufficient knowledge of the 

and oxygen barrier. 50 detailed basis for the barrier effect of mclalizcd or oxidically 

EP 0 604 057 describes a transparent multilayer film coaled polyester films nor of how this may be decisively 

which comprises a substrate of a primary layer of polymer improved. Variables which are clearly important are the area 

material which is essentially free from fillers and which, at of the substrate and the type of substrate polymer and its 

least on one of its surfaces, has a secondary layer of polymer morphology. It is generally assumed that smooth substrate 

material which contains-, as filler, in a concentration of from 55 surfaces result in beller barrier properties. 

100 to 1000 ppm, silicone resin having an average particle j n this connection, Weiss et al., in "Thin Solids Films" 

diameter of from 1.5 to 12.5 //m. A disadvantage of the 204 (1991), p. 203-216, studied the influence of the surface 

silicone particles is that they are comparatively expensive roughness of a substrale layer on ihe permeability. For ihis, 

and do nul provide an acceptable solution for the packaging polycsicr films were coated with lacquer which contained 

market. In addition, films which arc provided with pigments 60 various concentrations of titanium dioxide particles. In the 

of ihis type tend to telescope more easily during reeling. In experiments described, the concentrations of titanium diox- 

this text there is likewise no indication of any lype as lo how jd c particles in the lacquer varied from 2 to 20% by weight, 

the topography of such a film should be adjusted for simul- u s i ng this method, the surface roughness R fl of the coaled 

laneous improvement of glass and oxygen harrier. substrate surface could be varied from 43 nm (unlacquered 

In many foodstuff packaging applications, there is 65 and lacquered film, without titanium dioxide) to 124 nm. In 

demand for a high barrier effect against gases, steam and his experiments, increasing roughness (increasing propor- 

flavors (this having the same significance as low transmis- lion of TiOJ of the lacquered surface resulted in markedly 
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higher oxygen transmissions after metalizing with alumi- The surface of this film is formed by a large number of 
num. However, the largest step increase in oxygen trans- elevations/protrusions which are described by the relation- 
mission was seen when the lacquered 61m (0% by weight) ship 
was compared with the unlacquered film, although the 

surface roughness of the substrate was the same in both 5 -ii.4 X ~*<!ogy<-io.Or»5 j>xi. *>o.o5 >«n 

cases. The lacquering alone of the film gave a deterioration . 

. . . 7 ? . A 2 ? u / i- In this equation, x (urn) is a height above a standard eve 

in the barrier from about 0.43 enr/ra d bar (plain film) to . \ ^ ' .» . - 

l. .in j. 2 j u - /. A fifw% v A r; irl K-, aml v |S mc number of elevations (number/mm:*) if the 

about 19 cm /m d bar (lacquered film). A further uncer- . . . , . . J ' , _ 

,i„ „lrlkT»., „r L lu „,i,,n elevations are sectioned at a height of x. The distribution of 

tainty concerning the transferability of this work to com- . & 4ft1 ,.„, , , 

mercial product, is created by the fact that the aluminum 10 !* "*««"".» «*»««« » EP-A-0 124 291. Th» text, 

layer wis applied using a laboratory evaporator. When llke lhat mentioned above, gives no ttlfomtaUOO concerning 

compared with an industrial mctalizcr, this method achieves 'T r * vemenl of 'he glot*. the ha« and the banter proper- 

essentially low permeability values, and the influence of the " es - II «*» * ves no M *™ h ™ ° f W« » «° bow ' he 

substrate surface on the barrier properties cannot be seen <°P°8"Phy of such a hkn should be adjusted for srmulta- 

. . r r neons improvement of gloss and oxygen barner. 

C e * r ^* , ., , , f ,. . • « r . 15 The prior art also discloses films which have different 

Other detailed results of studies on the influence of the hncsscs 0Q lheif (WQ SUffaces (dua| ^ dm y ^ films 

substrate surface of polyester fiUns on their barrier proper- ^ ^ fof ^ ^ ^ ^ 
ties can be found in the dissertation by H. Utz (Techn.sche esien|ilUv - hav F c diffcrcm ^graphics (eg surface A 
Universitat Munchen 1995: - Bar nereeigenschaften alumini- smoolh> mhgx g h) Uesc ^ u provide 
umbedampftcr Kunststoffollieo [Barrier properties of 20 mcans ofimproving lhc pr0 cessing properties of the film but 
aluminum-metalized plastic films]). - nQt jts oplica , propcrtics , n parlicu i ar> however, these texts 
According to the studies by Utz (pp. 66 ff.), there is no do nol provide any mcans of iraproving lhe Darr i cr proper- 
direct correlation between the surface roughness (average lics 0 f lhc g| m 

roughness height R a ) of the PET film and its oxygen barrier. QE-A-16 94 404 describes a layered material having more 

For example, the film for video applications which, with an 25 lhan one hycr of an oricnlcd cry stallizable thermoplastic 

average roughness height of R a «22 nm, is highlighted as ftlm and in which at least one of lhe outer lavcrs C0Qlains an 

particularly smooth, has, at 1.3 cm /m bar d, an oxygen add i t ivc. The additives are customary inert inorganic or 

transmission of 1.2 cm /m bar d comparable with the much organic particles, and in the case of inert particles such as 

rougher PET II film (R tf -220 nm). Si0;> arc addcd l0 lhe oulef layers in concentrations of from 

EP-A-0 124 291 describes a single-layer biaxially ori- *° i l0 25% by weight, the particle size being front 2 to 20 /<m. 

cntcd polyester film for magnetic recording tape which has The layered materials may, for example, be metalized with 

the following surface property parameters aluminum for decorative uses or. used for magnetic tape. 

a) the average roughness R fl is from 1 nm to 16 nm, Although this text provides a mcans to improve the pro- 

b) the coefficient of friction /<k is from 0,01 to 0.20 and cessing properties and the haze of the film, it does not 

c) the following relationship exists between R„ and 35 provide a means for improving the. gloss and the barrier 

properties of the film. The text also gives no indication of 

o.i<io-/?.^fc<o.3i. any lypc ^ lo hQw lhc t0 p 0grapDy 0 f sucrl a film should be 

'Ihcsc propcrtics arc created by using Ti0 2 particles adjusted for simultaneous improvement of gloss and oxygen 

(anatase) or Ti0 2 and CaC0 3 particles in a proportion by barrier. 

weight of, respectively, from 0.1 to 0.5% and from 0.1 to 40 DE-A-22 30 970 describes a magnetic recording medium 

0.3%. The diameter of the Ti0 2 particles is from 0.1 to 0.5 which is composed of a biaxially oriented polyester film and 

/<m. The surface of this film is formed by a large number of a thin magnetic metallic layer on the surface A of the 

elevations/protrusions which obey a distribution such that polyester film.. The film comprises 

the graph described by the following relationship a) a coated surface A, which is free from particles and 

log>— s.Ot+4.34, v>iu 0 is at least 4 thick or 

is nol intersected. In this equation, x (,<m) is a height above makes up at least 50% of the thickness of the entire film 

a standard level and v is the number of elevations (number/ layer, and ... 

mm 2 ) if the elevations are sectioned at a height of x. The b > a "«K> la y cr containing particles and having a relatively 

distribution of the elevations is determined using standard 50 rou S h surface - a,ld containing 

equipment for measuring roughness. According to this text, 0 » l * % "f individual particles of a particular 

although the processing properties of the film are improved, polymer A and 

no information is provided on improvement of the gloss, the ii) at least 1% of individual particles of a particular 

haze and the barrier properties of the film. There is also no polymer B. 

indication of any kind in the text as to how the topography 55 A disadvantage of the film is that the surface A tends to 
of a film of this type should be adjusted for simultaneous block, so that the film does not process well. The text does 

improvement of gloss and oxygen barricr. not disclose a means for improving the gloss, the haze and 
EP-A-0 490 665 Al describes a single-layer biaxially the barrier properties of the film. Once again, there are also 

oriented polyester film for magnetic recording tape; the film ' no indications of any lypc in the text as to how the 

contains 6(1 topography of such a film should be adjusted for simulta- 

a) from 0.05 to 1.0% by weight of u>-alumina having an neous improvement of gloss and oxygen barrier, 
average particle diameter in the range from 0.02 to 0.3 EP-B-0 061 769 describes a magnetic recording medium 
jim, and which is formulated from a biaxially oriented polyester film 

b) from 0.0 L to 1.5% by weight of inert particles of a type and a thin magnetic metallic layer on the surface A of the 
other than co-alumina and having an average particle 65 polyester film. If desired, there is also a lubricant layer on 
diameter in the range from 0.1 to 1.5 ^m, these particles the other surface B of the polyester film. Features of the film 
being larger than the u>-alumina particles. arc that the coated surface A 
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a) his an average roughness U a (peak-valley value) of not high gloss, 
more than 5 nm (60 nm), low haze, 

b) (he number of protrusions having a height of from 0.27 to low oxygen permeability of the film after melalizalion or 
0.54 /<m is from 0 to 0.2 per mm 2 and after coaling with oxidic materials, 

c) is free from protrusions having a height greater than 0.54 5 low coefficients of friction, 
i an, 

A disadvantage of the Him is that the surface A tends to BRIEF DESCRIPTION OF THE SEVERAL 

block, so that the film docs not process well. The text gives VIEWS OF THE DRAWINGS 

no teaching on improvement of the gloss, the haze and the FIG. \a is a diagrammatic illustration of films which 

barrier properties of the film. There is also no indication of 10 exhibit a good oxygen barrier. 

any type in the text as to how the topography of such a film HQ. \b is a diagrammatic illustration of films which 

should be adjusted for simultaneous improvement of gloss cxhjbil a poof oxygcn barHcr 

'"EM? 0M Ss describes a coextruded biaxially oriented " G 2a is a ? a P h lhc relationship of equation 1 

polvester film having at least two layers, of which a layer A 15 ijlfl^f? invention. 

consists of thermoplastic resin and a layer B comprises ' FIG 2b 15 a pP h showing the relationship of equation 2 

thermoplastic resin and fine particles. The surface roughness of lhe P resem invention. 

R e of the outer surface of the layer A in the film is less than NO. 3 is a graph showing the relationship of equation 1 

5 nm and the outer surface of the layer B is either of E p 0 l 24 291. 

i) a surface having a surface roughness R a of from 5 to 40 20 FIG. 4 is an optical microscope photograph of a polyester 
nm and a large number of depressions and a large number film. 

of protrusions which are arranged in a particular arrange- tw ^ „„ „ 

mc „ t or DETAILED DESCRIPTION OF THE 

ii) a surface which has protrusions formed on a level area INVENTION 

and which is covered by a layer C, which consists of a 25 The gloss of the film should be greater lhan 170 and the 

lubricant and has a surface roughness R a of from 5 to 40 haze should be less than 1.6. Less than 1.0 cm 3 of oxygen 

nm. , per square meter and per day should diffuse through the film 

A disadvantage of film surface A is that it blocks, both when it is subjected to an air pressure of 1 bar. In its other 

with itself and with certain other surfaces (e.g. rubber rolls). properties, the film should be at least equivalent to the 

The film cannot be processed cost -effectively; in particular 30 known packaging films of this type,. In addition, it should be 

during metalizing in vacuo, the film, because of its high simple and economic to produce and process very well on 

tendency to block, lends to tear, and this can cause great cost conventional machinery. The coefficient of friction on both 

problems. The film is unsuitable for the purposes of the surfaces should be less than 0.5. 

object to be achieved. In addition, the haze of the film is ob j ecl has bcen ac hieved by means of a biaxially 

unsatisfactory. 35 or iented, coextruded polyester film which has at least three 

EP-B-0 502 745 describes a coextruded biaxially oriented laycrs and has al leasl onc basc laycr B which is composed 

polyester film having at least three layers, of which an outer t0 an cxtenl 0 f al i east g 0% by we i ghl 0 f a thermoplastic 

layer A polyester and has, applied to this base layer, outer layers A 

a) contains inorganic particles having an average primary aQd Ct which contain internal and/or inert particles, where 
panicle size D in the range from 1 to 100 nm. and 40 lhe outer Uyers A and c havc a num ber of elevations/ 
satisfying the equation D<T<200D, where T is the thick- protrusions N per mm 2 of film surface area which is related 
ncss ot the laycr A and l0 mc j r rcS p CC tivc heights h and diameter d by the following 

b) contains particles B having an average primary particle equations 
size Dl in the range from 0.3 to 2 /im, where the primary 

particle size distribution has a coefficient of variation of 45 'Ur'Wug h,>m<u>g N7mm 2 <A„-fl*/log h/^m 0) 

not more than 0.6 and o.oi^m<h<io^m 

c) the average primary particle size D of the particles A is 

smaller than the average primary panicle size Dl of the A qqq, b _^ 7Q 

panicles B. . ' *!~ ' 

The processing behavior of the film, in particular, is 50 • * 2 " 

improved by applying the teaching of this text. The text does d>«n<log NW^-tf,,.-log d'um ^ (2) . 
not give any teaching on improving the gloss, the haze or the - 

barrier properties of the film. The text also gives no indica- 0 4 m 
lion of any type as to how the topography of such a film 

should be adjusted for simultaneous improvement of gloss 55 A rfl - 1.700; B J1 -3.86 

and oxygen barrier. A^-4.700; B^-2.70. 

For the purposes of the present invention, elevations/ 

BRIEF SUMMARY OF THE INVENTION protrusions are understood to mean conical elevations/ 

protrusions which project from the flat surface of the film. 
It has been an object of the present invention to provide 60 Internal particles are understood to mean catalyst residues 

a coextruded, biaxially oriented polyester film which has which remain in the raw material during preparation of the 

very good optical properties and in particular has very high polyester raw material. 

gloss and very low haze. After metalizing or after coating Inert particles are understood to mean particles which are 

with oxidic materials, the film should also exhibit a good added to the raw material, for example during its prepara- 
oxygen barrier and it should be very easy to produce and to 65 lion. 

process. In summary, the object was to provide a film having To achieve the desired oxygen permeability (less lhan 1.0 

the following combination of features: cm 3 ra z d~ l bar" 1 ) in mctalized or oxidically coated films, 
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ihc number N of clcvaiions/proirusions per mm* of 61m 
surface must, in accordance wiih equations (I) and (2), be 
below a particular numerical value. This numerical value is 
defined by the right-hand side of equations (1) and (2) as a 
function of the height h and the diameter d of the elevations/ S 
protrusions. 

A requirement fur achieving good oxygen barriers in 
mc tali zed or oxidically coaled films is a low density N/mra 2 
of elevations/protrusions on the film surface to be mctalizcd 
or oxidically coated. If the density N/rnoi 2 of the elevations/ 10 
protrusions is small (FIG. la), the barrier in the above sense 
is good, and in contrast if the density of the elevations/ 
protrusions is great (FIG. lb), the barrier in the above sense 
is then poor. 

The diagrams in FIGS, la and lb also show that in 15 
principle the value of R n has no influence on the barrier 
properties. A smooth film (e.g. R a <\0 nm) here may exhibit 
a very poor barrier if the number N/mm 2 of elevations/ 
protrusions is greater than that calculated by the right-hand 
sides of equation s (1) a ud (2). In this case, the surface/ 20 
surface layer contains very many fine particles, but these do 
not contribute significantly to the value of R a . A surface of 
this type is not at all suitable for achieving high barrier 
values. In contrast, film surfaces which have comparatively 
few elevations/protrusions N per unit of surface area are 25 
very suitable for achieving high barrier values. It is of 
relatively subordinate significance here whether the 
elevations/protrusions are the result of large particles or of 
small particles. 

If the number N of elevations per unit of surface are a on 30 
the film surface which is to be melalized or oxidic-ally 
coated is greater than the value of the right-hand side of 
equation (1) or (2), then the oxygen permeability is greater 
than 1.0 cnrVm 2 bar d, and this is undesirable for the object 
of the present invention. The gloss of this film surface (in its 35 
unmetalized or uncoated condition) is then moreover no 
longer sufficiently high to meet the requirements of the 
object of the present invention. 

In a preferred embodiment of the novel film, the constants 
^hi 10 B A2 m equation (1) have the values A A1 —0.523, 40 
B A , -3.523, A„ 2 «2.300 and B A2 -2.3, in a particularly pre- 
ferred embodiment the values arc A A) «0.00, B M -3.300, 
A A2 -2.000 and B A2 -2.400, and in a very particularly pre- 
ferred embodiment the values are A M -1.420, B H ,-2.500, 
A A2 -2.000 and B„ 2 -3.000. 45 

In a preferred embodiment of the novel film, the constants 
a ji 10 m equation (2) have the values A JX -2.00, 
6^,-3.630,^^-4.40 and B^-2.70, in a particularly pre- 
ferred embodiment, the values are A t/l -2.400, B d ,-3.720, 
A J2 -4.000 and B J2 -2.600, and in a very particularly pre- 50 
ferred embodiment the values are A^-3.400, B^-2.400, 
A^-4.000 and B^-3.300. 

In the preferred and particularly preferred embodiments, 
the novel film has particularly high gloss, particularly low 
haze and a particularly low coefficient of friction. l"he 55 
melalized or oxidically coated film exhibits a particularly 
good oxygen barrier. The permeabilities of the melalized or 
oxidically coaled film are less than 0.8 era^/m 2 bar d. 

FIGS. 2a and 2b show, respectively, equations (i) and (2) 
graphically. When shown using two logarithmic axes, both 60 
relationships are straight lines defined by the numerical 
values given. 

Relationships similar to equations ( I) and (2) arc given in 
the prior art in the abovementioned lexis EP-A-0 124 291 
and EP-A-0 490 665. However, as already mentioned, films 65 
claimed in ihesc texts have excellent slip properties as a 
result of many very small elevations (". . . excellent slip- 
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perincss of the polyester film of this invention is simulta- 
neously achieved by the presence of ihe many very minuie 
protrusions (page 7)"); the film contains many inert fine 
particles ("contains many inert solid fine particles (page 
9)"), and this is precisely noi the case in ihe novel films. 

In addition, the measurement mcihod used in the prior art 
is markedly different from that used in this application (cf. 
description of the measurement method hereinafter). Corre- 
sponding to this, the topographies of the film surfaces may 
also differ, as is apparent on comparing the graphs (FIGS. 
2a, 2b and 3) and from the comparative examples. For 
further illustration of the differences between the measure- 
ment methods and of ihe resultant differences in the topog- 
raphy of the films, FIG. 4 shows an optical microscope 
photograph (DIG, Differential Interference Contrast) of a 
polyester film. This photograph, taken using reflected light, 
shows a pigment -filled polyester film. In the method used 
here (in accordance With the invention), as described 
hereinafter, all of the elevations/protrusions are recorded by 
means of a scanning electron microscope and evaluated 
using an image analysis method. In contrast, the measure- 
ment method of the prior art uses a pin which scans the 
surface ai certain distance intervals. As can be seen in the 
image, straight line traces are left behind by the pin. The 
image also shows clearly that with Ihis melhod 

only a few pigment particles are recorded and 

the pigment particles are encountered only randomly. 

The method of the prior art is thus not reproducible and 
gives false information. 

The comparative examples show quantitatively that, when 
compared wiih the prior art, ihe films in accordance with ihe 
present invention have markedly different surface topogra- 
phies. 

The subclaims give preferred embodiments of the inven- 
tion which arc additionally explained below. 
. In accordance with the invention, the film has at least 
three layers and has, on the one side of the layer B (base 
layer) the outer layer A and, on the other side of ihe layer B, 
another outer layer C made from polyethylene terephthalaie. 
Both outer layers contain the pigments useful for the pro- 
duction and processing of the film. 

In principle, various raw materials may be used for the 
materials of the various layers. However, it is preferable thai 
the production of the individual layers is based on polyester 
raw materials. 

The base layer B of the film is preferably composed 10 an 
extent of at least 90% by weight of a thermoplastic polyester. 
• Polyesters suitable for this are those made from ethylene 
glycol and tcrcphthalic acid (polyethylene terephthalaie, " 
PET), from ethylene glycol and naphthalcne-2,6- 
dicarboxylic acid (polyethylene 2,6-napbthalale, PEN), 
from 1,4-bishydroxymcihyl-cycIbhcxanc and tcrcphihalic 
acid (poly-l,4-cyclohexanedimethylene tcrcphlhalate, 
PCDT) or from ethylene glycol, naphthalene-2.6- 
dicarboxylic acid and biphenyl-4,4'-dicarboxylic acid 
(polyethylene 2,6-naphihalatc bibenzoate, PENBB). Par- 
ticular preference is given to polyesters which are composed 
to an extern of at least 90 mol % t preferably at least 95 mol 
%, of ethylene glycol and tcrcphthalic acid units or of 
ethylene glycol and naphthalene -2,6-dicarboxylic acid units. 
The remaining monomer unils are derived from other 
aliphatic, cycloaliphalic or aromatic diols and dicarboxylic 
acids, which may also be present in the layer A (or the layer 
C). 

Examples of other suitable aliphatic diols are diethylene 
glycol, iriethylcnc glycol, aliphatic glycols of ihe formula 
HO— (CH 2 )„ — OH, where n is an integer from 3 to 6, (in 
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particular 1.3-propanediol, 1,4-butancdiol. 1,5-pentancdiol 
and 1 ,6-hexancdiol), or branched aliphatic glycols having up 
to 0 carbon atoms. Of the cycloaliphatic diols, cyelohex- 
anediols (in panicular 1,4-cyclohexanediol) should be men- 
tioned. Examples of other suitable aromatic diols are those 
of the formula 110 — C G H 4 — X — C fl H 4 — OH, where X is 
—CM,—. -C(CH 3 ) ; — . — C(CF,) 1 — . — O— — S— or 
-rSO : — . Besides these, bisphcnols of the formula 
HO — C ft H 4 — C 6 H 4 — OH are also very suitable. 

Other preferred aromatic dicarboxylic acids arc benzene- 
dicarboxylic acids, naphthalcncdicarboxylic acids (for 
example oaphthaleae-1,4- or 1,6-dicarboxylic acid), 
bipbenyl-x.x' -dicarboxylic acids (in particular biphenyl-4, 
4* -dicarboxylic acid), diphenylacelylene-x,x'-dicarboxylic 
acids (in particular diphenylacetylene-4,4' -dicarboxylic 
acid) and stilbene-x,x'-dicarboxylic acids. Of the 
cycloaliphatic dicarboxylic acids, mention should be made 
of cyclohcxancdicarboxylic acids (in particular 
eye lone xane-l,4-dicarboxy lie acid). Particularly suitable 
aliphatic dicarboxylic acids are the C 3 -C 19 -alkanedioic 
acids, the alkane part of which may be straight-chain or 
branched. 

The polyesters may be prepared by the transesterificalion 
process, the starling materials for which are dicarboxylic 
esters and diols, which are reacted using the customary 
transesterificalion catalysts, such as salts of zinc, calcium, 
lithium, magnesium and manganese. The intermediates are 
then polycondensed in the presence of widely used poly- 
condensation catalysts, such as antimony trioxide or tita- 
nium salts. The preparation may be carried out just as 
successfully by the direct esterification process in the pres- 
ence of polycondensation catalysts, starting directly from 
the dicarboxylic acids and the diols. 

Processes which have proven particularly suitable are 
those in which transesterificalion catalysts arc used with 
which only a small number of, and/or only small, elevations/ 
protrusions are created on the surface of the film. Magne- 
sium salts and manganese salts are particularly preferred 
here. These transesterification catalysts are preferred for 
preparing the raw material for the base and are particularly 
preferred for preparing the raw material fur the outer layers. 

In principle, the same polymers may be used for the outer 
layers as for the base layer. Besides these, other materials 
may also be present in Ihe outer layers, in which case the 
outer layers may preferably be composed of a mixture of 45 
polymers, of a copolymer or of a homopolymer which 
contain ethyleoe 2,6-naphihalate units and ethylene lereph- 
thalate units. Up to 10 mol % of the polymers may be 
composed of other comonomers (see above). 

For any intermediate layers which may be present, ii is 50 
possible in principle to use the pulymers already described 
for the base layer and the outer layers. 

For processing ihe polymers, it has proven useful to select 
the polymers for the base layer and ihe oiher layers) in such 
a way that the viscosities of the respective polymer melts do 55 
riot differ excessively. Otherwise it is likely that there will be 
additional elevations/protrusions, flow disturbances or 
streaking in Ihe Gnished Giro. To describe the viscosity 
ranges of the two melts, use is made of a modified solution 
viscosity (SV). For commercially available polyethylene 60 
lerephthatales which are suitable for producing biaxially 
oriented films, the SV values arc in the range from 600 lo, 
1000. For the purposes of the present invention, to ensure a 
satisfactory film quality, the SV of the polymers for the 
layers A or C should be in the range from 500 to 1200, 65 
preferably from 550 to 1150, particularly preferably from 
600 to 1000. If necessary, a solid phase condensation may be 
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carried out on the respective granules in order to adjust the 
SV values of the materials as necessary. The SV values of 
the polymer melts for the base layer and the other layer(s) 
should not differ by more than 200 units, preferably by not 
5 more than 150 units and in particular by not more than 100 
units. 

The base layer and the olher layer(s) may also contain 
customary additives, such as stabilizers and/or anti-blocking 
agents. They are expediently added to the polymer or to the 
to potymcr mixture before melting takes place. Examples of 
stabilizers arc phosphorus compounds, such as phosphoric 
acid and phosphoric esters. 

Typical anti-blocking agents (also termed pigments in this 
context) are inorganic and/or organic particles, for example 
15 calcium carbonate, amorphous silicic acid, talc, magnesium 
carbonate, barium carbonate, calcium sulfate, barium 
sulfate, lithium phosphate, calcium phosphate, magnesium 
phosphate, alumina, LiF, the calcium, barium, zinc and 
manganese salts of the dicarboxylic acids used, carbon 
20 black, titanium dioxide, kaolin and crosslinked polystyrene 
particles and crosslinked aery late particles. 

Selected additives may also be mixtures of two or more 
different anti-blocking agents or mixtures of anti-blocking 
agents of the same formulation but of different particle size. 
25 The particles may be added to the individual layers in the 
respective advantageous concentrations, e.g. as glycolic 
dispersion during the polycondensation or via masterbatches 
during extrusion. Pigment concentrations of from 0 to 5% by 
weight have proven particularly suitable. A detailed descrip- 
30 lion of the anti-blocking agents which can be used is found, 
for example, in EP-A-0 602 964. 

To fulfill the equations (I) and (2), and to achieve high 
gloss and low haze, the novel film is filled only to a 
comparatively small extent with inert pigments. The con- 
35 ccntraiions of the inert particles in the outer layers is from 
0.01 to 0.2% by weight, preferably from 0.02 to 0.16% by 
weight, particularly preferably from 0.025 to 0.14% by 
weight, and very particularly preferably from 0.030 to 
0.12% by weight, and depends essentially on the size of the 
40 particles used. 

For achieving the object of the invention, it has proven 
expedient to select the concentration of the pigments within 
the film so that the ash content of the film is less than 0.12%. 
It is particularly expedient to select the concentration of the 
pigments within the film so that the ash content of the film 
is less than 0.1 0%. 

Preferred particles are SiO ; in colloidal and in chain form. 
These panicles are bound very effectively into the polymer 
matrix, and create vacuols to only a very slight extent. 
Vacuoles generally cause haze and it is ihcrefore expedient 
to avoid them. There is nu limit in principle on the particle 
diameters of the particles used. However, to achieve the 
object of the invention it has proven advantageous to use 
particles having an average primary particle diameter of less 
than 100 nm, preferably less than 60 nm and particularly 
preferably less than 50 nm and/or particles having an 
average primary particle diameter of greater than 1 /im, 
preferably greater than 1.5 jam and particularly preferably 
greater than 2 Mm. 

The pigmcnlation of the individual layers unrelated to the 
outer layers can therefore vary greatly and depends essen- 
tially on the structure of the film (layer structure) and the 
requirements of the film with respect to achievement of 
olher optical properties (haze), and on the behavior in 
production and processing. 

If the film is the preferred film which has three layers, 
having the base layer B and the two outer layers A and C, the 



US 6,291,053 13! 
li 12 

panicle concentration in ihc base layer B is ihen preferably propenies desired in ihc film. In general, ihe longitudinal 

lower lhan in ihc ouicr layers. The pigmentation in the base stretching is carried out at from 80 to 130° C, and the 

layer B should be selected so that it has no adverse effect on transverse sirelching at from 90 to 150° C. "ITic longitudinal 

the number N of elevations/protrusions in the outer layers in stretching ratio is generally in the range from 2.5:1 to 6:1, 

accordance with the invention. In a film of the tvpc men- 5 preferably 3:1 to 5.5:1. The transverse stretching ratio is 

tioned which has three layers, the particle concentration in generally in the range from 3.0:1 to 5.0:1, preferably from 

the base layer B will be from 0 to 0.06% by weight. 3 10 • * : orc lhc "™vtt* stretching, one or both 

preferably from 0 to 0.04% by weight, in particular from 0 SUf faa:s of ' hc Glra ma >' bc in ' I,nc <: oalcd b * , lhc koown 

to 0.03% by weight and very preferably from 0 to 0.02% by Passes. The in-line coating may. for example, serve to 

_/ . 6 . . ., / . . improve the adhesion of the metallic layer or of any printing 

weight. Tliere is in principle no restriction on the particle to .J M ^ or ^ {{j 

diameter of the particles used, but particles having an of proccssing b ehav ^ r 

average diameter of greater than 1 «m are particularly , Q ^ subscquenl heat-selting. the film is held for from 

preferred. aboutO.l to 10 sat a temperature of from 150 to 250* CThe 

The novel polyester film is built up from three layers and film ^ lhcQ reclcd up in a cuslomary manner, 

contains the two outer layers A and C. The thickness and 15 Before printing or before applying the metallic or oxidic 

formulation of the second outer layer C may be selected layer on one or both sides, the biaxially oriented and beat-set 

independently of the outer layer A, but the second outer polyester film may be corona- or flame -treated. The intensity 

layer may likewise contain the polymers or polymer mix- of treatment is selected so that the surface tension of the film 

tures already mentioned, which, however, need not be is generally greater than 45 mN/m. 

identical with those of the first outer layer. The second outer 20 Metallic or oxidic layers, if desired, are applied in cus- 

layer may also contain other well known outer layer poly- tomary industrial systems. Metallic layers of aluminum are 

mcrs usually produced by conventional metalizing (boat method). 

If desired, there may also be an intermediate layer , For oxidic layers, electron-beam processes or application by 

between the base layer and the outer layers. This also may sputtering have also proven successful. The process pararo- 

be composed of the polymers described for the base layers. 25 ctcrs for lDC svslcn l duri °g application of the metallic or 

In a particularly preferred embodiment, it is composed of the oxidic layer to the films correspond to the standard condi- 

polvester used for the base layer. It may also contain the tl0n *- ™ c ™talization of the films is preferably carried out 

cuslomary additives described. The thickness of the inter- 50 lh , at lhe optical density of the metabzed films is in the 

, . | .. . A . , ■ usual range from about 2.2 to 2.8. The oxidic layer is applied 

mediate layer is generally greater than 0.3 ;<m and is t0 lhe fi^ in such a way that the thicUness of lhc oxidc i aycr 

preferably in the range from 0.> to 1:> «m particularly 30 is prcferably in lhe rang 7 c from 30 ib 100 nm. The web speed 

preferably from 1.0 to 10 ^m and very particularly prefer- of ^ film {Q bc CQaled {& from 5 lQ 2Q m/s for ^ 

ably from 1.0 to 5 am. settings of variables. 

In the. embodiment of the novel film which has three The film may be coated or corona- or ft a me -pre treated to 

layers, the thickness of the outer layers A and C is generally establish other desired properties. Typical coatings are those 

greater than 0.1 and is in the range from 0.2 to 2.0 urn, 35 which promote adhesion, arc antistatic, improve slip or have 

preferably from 0.2 to 1.8 ^m, particularly preferably from release action. These additional coatings may be applied to 

0.3 to 1.6 /<m and very particularly preferably from 0.3 to 1.4 the film via in-line coating using aqueous dispersions, before 

/<m; the outer layers A and C here may have the same or the transverse orientation. 

different thicknesses. , If the film is raetatized, the metallic layer is preferably 

The total thickness of the novel polyester film can vary 40 composed of aluminum. However, other materials which 

within wide limits and depends on the intended application. can be applied in the form of a thin, cohesive layer are also 

It is from 4 to 50 >pm, in particular from 5 to 45 urn, suitable. Silicon, for example, is particularly suitable and, in 

preferably from 6 to 40 ^m, the layer B being preferably in contrast to aluminum, gives a transparent barrier layer. The 

a proportion of from 10 to 90% of the total thickness. oxidic layer is preferably composed of oxides of elements of 

To prepare the layers A and C (outer layer(s) A and C), it 45 the 2nd, 3rd or 4th main group of the Periodic Table, in 

is expedient to feed pellets of polyethylene terephthalate to particular oxides of magnesium, aluminum or silicon. Use is 

one or two extruders. The materials are melted at about 300° generally made of those metallic or oxidic materials which 

C. and extruded. can be applied at reduced pressure or in vacuo. 

The polymers for the base layer arc expediently fed It is an advantage of the invention that the production 

through another extruder. Any foreign bodies or contamina- 50 costs of the novel film are comparable with those in the prior 

lion which may be present can bc screened out from the art. The other properties of the novel film which are relevant 

polymer melt before extrusion. I ne melts arc then shaped in to its proccssing and use arc essentially unchanged or even 

a coextrusion die to give Rat melt films, and are laminated improved. Besides this, it has been ensured that reclaim can 

together. The multilayer film is then drawn off and solidified be used during the production of the film. The term 

with the aid of a chill roll and, if desired, other rolls. .55 "reclaim" as used herein refers to materials including imper- 

The biaxial orientation is generally carried out scquen- feci or discarded film such as edge trim or leftover film that 
tially. For this, it is preferable to orientate firstly in a is recycled and reprocessed with fresh polyethylene tereph- 
longiludinal direction (i.e. in the machine direction) and then lhalalc pellets in production of the novel film. Reclaim can 
in a transverse direction (i.e. perpendicularly to the machine bc used in a concentration of from 20 to 50% by weight, 
direction). This causes an orientation of the molecular 60 based on the total weight of the film, without any significant 
chains. The orientation in a longitudinal direction may be adverse effect on the physical properties of the film, 
carried out with the aid of two rolls running at different The film has excellent suitability for packaging of food- 
speeds corresponding to the stretching ratio to bc achieved. stuffs and luxury foods which are sensitive to light and/or 
For the transverse orientation, use is generally made of an air. Besides this, it is also extremely suitable for industrial 
appropriate tenter frame. 65 use, e.g. in producing hot-stamping foils. It is particularly 

The temperature at which the orientation is carried out can suitable for producing vacuum packs for coffee, in particular 

vary over a relatively wide range and depends, on the ground coffee. 
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In summary, the novel film has high gloss and low haze. 
The film is also an excellent oxygen barrier after it has been 
metalized or coaled wiih oxidic materials. In addition, it has 
the good processing behavior desired, in particular on high- 
speed processing machinery. 

The gloss of the film is greater than 170. In a preferred 
embodiment, the gloss of the film is greater than ISO and in 
a particularly preferred embodiment greater than 190. The 
film is therefore suitable in particular for printing or for 
metalizing. The high gloss of the film is transferred to the 
print or the applied metallic layer and thus imparts to the 
film the effective presentational appearance which is 
wanted. 

The haze of the film is less than 1.6. In a preferred 
embodiment, the haze of the film is less than 1.5, and in a 
particularly preferred embodiment less than 1.4. Its low haze 
makes the film suitable not only for packaging but also, for 
example, for reprographic or glazing applications. 

The processing and reeling behavior of the film, in 
particular on high-speed machinery (reelcrs, metalizers, 
printing and laminating machines) is extremely good. The 
coefficient of friction of the film, which is less than 0.5, is a 
measure of its processing behavior. In a preferred 
embodiment, the coefficient is less than 0.4, and in a 
particularly preferred embodiment less than 0.35. Besides a 
good thickness profile, excellent layflat and low coefficient 
of friction, the reeling behavior is decisively affected by the 
roughness of the film. It has become apparent that the reeling 
of the film is particularly good if the a%'erage roughness is in 
a range from 20 to 80 nm, while the other properties are 
retained unchanged. In a preferred embodiment, the average 
roughness is in the range from 30 to 70 nm, and in a 
particularly preferred embodiment is from 35 to 60 nm. 

The table below (Table 1) shows once again the most 
important film properties in accordance with the invention. 



(3) SV 

I ne SV (solution viscosity) was determined by dissolving 
a specimen of polyester in a solvent (dichloroacetic acid). 
The viscosity of this solution and that of the pure solvent 
S were measured in an Ubbelohde viscometer. The quotient 
was determined from the two values, 1,000 was subtracted 
from this, and this value multiplied by 1000. The result was 
the SV 

(4) Coefficient of Friction 

10 The coefficient of friction was determined according to 
DIN 53 375, 14 days after production. 

(5) Surface Tension 

The surface tension was determined using the "ink 
method" (DIN 53 364). 
15 (6) Haze 

The haze of the film was measured according to ASTM-D 
1003-52. The Holz haze was determined by a method based 
on ASTM-D 1003-52, but, in order to utilize the most 
effective measurement range, measurements were made on 
20 four pieces of film laid one on lop of the other, and a 1° slit 
diaphragm was used instead of a 4° pinhole. 

(7) Gloss 

Gloss was measured according to DIN 67 530. The 
reflectance was measured as a characteristic optical value for m 

25 a film surface. Based on the standards ASTM-D 523-78 and 
ISO 2813, the angle of incidence was set at 20° or 60°. A 
beam of light hits the flat lest surface at the set angle of 
incidence and is reflected and/or scattered thereby. A pro- 
portional electrical variable is displayed, representing the 

30 light beams hilling the photoelectric detector. The value 
measured is dimensionlcss and must be stated together with 
the angle of incidence. 

(8) Determination of the Particle Sizes on Film Surfaces 
A scanning electron microscope (e.g. DSM 982 Gemini, 

Leo GmbH (Zeiss)) together with an image analysis system 



TABLE 1 



range a cor ding 

to the invention preferred 



particularly 
preferred 



measurement 
method 



Qloss, side A 
(20* angle of 
measurement) 1 ' 
Haze 0 

Oxygen permeability of the 
metal ized or oxidically 
coated film 
Coefficient of friction: 
Side A with itself 
Side C and/or side B, 
respectively, with iuclf 
Average roughness K a 
Side C and side B, 
respectively' 



>170 



<1.6 
<1 



<0.5 



20-40 



>180 



<1.5 
<0.85 



<0.4 



>190 



<1.4 
<0.7 



<0.35 



30-70 35-60 



DIN 67 530 



% ASTM-D 1003-52 

gm^d -1 bar" DIN 53 380, 
Part 3 



DIN 53 375 



DIN 4708, with a 
cut-olT of 0.25 nm 



l, McaMircd on the unmetalized film 

55 

The following methods were used to determine param- 
eters for the raw materials and the films: 

(1) Optical Density 

The Macbeth TD-904 Densitometer from Macbeth 
(Division of Kollmorgen Instruments Corp.) was used to 60 
measure the optical density. The optical density is defined as 
OD— Ig 1%, where 1 is the intensity of the incident light, 1 0 
is the intensity of the transmitted light and I/Iq is the 
tra remittance. 

(2) Oxygen Barrier 

The oxygen barrier of the metalized films was measured 65 
using an OXTRAN 2/20 from Mocon Modem Controls 
(USA) in accordance with DIN 53 380, Part 3. 



was used to determine the size distribution of particles of 
anti-blocking agent (particle size distribution) on film sur- 
faces. The magnifications selected in all cases were 1700 
limes. 

For these measurements, specimens of film are placed flat 
on a specimen holder. These are then metalized obliquely at 
an angle a with a thin metallic layer (e.g. of silver), a here 
is the angle between the surface of the specimen and the 
direction of diffusion of the metal vapor. The anti-blocking 
agent particles throw a shadow in this oblique metalizalion. 
Since the shadows are not yet electrically conductive, the 
specimen can then be further metalized with a second metal 
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(e.g. gold), the metal vapor here impacting vertically onto 
the surface of the specimen. 




direction of mcializatiun 



surface or* film 



16 



duced by cocxirusion followed by stepwise orientation in 
longitudinal and transverse directions. The thickness of the 
respective layers is given in Table 2. 



Outer layer* A and C (A ■ O arc a mixture of: 



10 



15 



20 



25 



30 



35 



40 



45 



panicles of ami-blocking agent 



.Scanning electron microscope (SEM) images are taken of 
specimen surfaces prepared in this way. The shadows of the 
particles of anti-blocking agent are visible because of the 
contrast between materials. The specimen is oriented in the 
SEM so that the shadows run parallel to the lower edge of 
the image (x direction). SEM images are taken with this 
setting and transferred to an image analysis system. This 
image analysis system is used to make precise measure- 
ments of the lengths of the shadows (in the x direction) and 
their maximum extent in the y direction (parallel to the 
vertical edge of the image). 

The diameter D of the particles of anti-blocking agent at 
the surface level of the specimen is equal to the maximum 
extent of the shadows d in the y direction. The height of the 
particles of anti-blocking agent, measured from the film 
surface, can be calculated from the angle a of melalization 
and the length L of the shadows, given knowledge of the 
magnification V selected for the SEM image: 

A-(*n(a)-£)/V 

So as to achieve a sufficiently high level of statistical 
reliability, precise measurements are made of a few thousand 
particles of anti-blocking agent. With the aid of known 
statistical methods, frequency distributions are then pro- 
duced for the diameters and heights of the particles. The 
class interval selected for this is 0.2 um for the particle 
diameter D and 0.05 urn for the particle height h. 

(9) Ash Content 
The determination of ash content is based on the DIN 

53568 and DIN 3451 standards. The pre -ashing of the 
specimens is carried out not in a naked flame but, without the 
production of soot, in an electrically heated high-speed 
ashing apparatus. After ashing, the specimen is calcined in 
a muffle furnace at 600° C. to constant weight, and then 
weighed. 

(10) Roughness 
The roughness R fl of the film was determined according to 

DIN 4768 with a cut-off of 0.25 nra. 

EXAMPLE I 

Polyethylene terephlhalate chips (prepared via the trans- 55 
eslerificalion process using Mn as Iranseslerificalion cata- 
lyst; Mn concentration: 100 ppra) were dried at 160° C to 
a residual moisture of less than 50 ppm and fed to the 
extruder for the base layer B. 

In addition, polyethylene terephlhalate chips (prepared 60 
via the transcsterificaiion process using Mn as iransesleri- 
ficalion catalyst; Mn concentration: 100 ppm) which have 
been pigmented as shown in Table 2 were likewise dried at 
160° C. to a residual moisture of less than 50 ppm and fed 
to the respective extruders for the outer layers A and C. 65 

A transparent film having three layers, symmetrical 
(ABA) structure and a total thickness of 12 pirn was pro- 



90.0% by weight of 
10.0% by weight of 



Base laver D: 



100.0% by weight, of 



polyethylene terephlhalate having an SV 
of 800 

mastcrbaich made from 99.0% by weight 
of polyethylene terephlhalate (SV of 300) 
and 0.5% by weight of Sylobloc * 44 It 
(colloidal SiOj from Grace) and 0.5% by 
weight of Aerosil $ TT 600 (chain SiO a 
from Degussa) 



polyethylene terephlhalate having an SV 
of 800 



The production conditions for the individual process steps 
were: 



Extrusion: 


Temperatures 


Layer A: 


300 s C. 






Layer B: 


300* C. 






Layer C: 


300 a C 




Die gap width: 




1 mm 




Temperature of the take-off roll: 




30' C 


Longitudinal 


Temperature: 




80-125'- C. 


stretching: 


Longitudinal stretching ratio: 




4.0 


Transverse 


Temperature: 




SO-135 5 C. 


stretching: 


Transverse stretching ratio: 




4.0 


Setting: 


Temperature: 




230* C. 


Duration: 






3s 



The film has very good optical properties and good 
processing behavior (cf. Table 3). 

After the film had been produced (in this Example I and 
in all examples below) it was meialized with aluminum in 
vacuo in an industrial metalizer. The coating speed was 8 
m/s and the optical density was 2.6. 

The film exhibited the required oxygen barrier. The struc- 
ture of the film and the properties achieved in films produced 
in this way arc presented in Tables 2 and 3. 

EXAMPLE 2 

A transparent Glra having three layers, ABA structure and 
a total thickness of 12 was prepared by coextrusion 
followed by stepwise orientation io longitudinal and trans- 
verse directions, in a similar manner to that of Example 1. 
Compared with Example 1, only the outer layers were 
50 changed. 



Outer layers A are a mixture of: 
83.0% by weight of 
12.0% by weight of 



polyethylene terephlhalate having ao SV 
of 800 

masterbatch made from 99.0% by weight 
of polyethylene terephlhalate (SV of 800) 
and 0.5% by weight of Sylobloc 44 H 
(Grace) and 0.5% by weight of Aerosil TT 
600 (Degussa) 



The process conditions selected for all layers were as in 
Example 1. 

EXAMPLE 3 

A transparent film having three layers, ABA structure and 
a total thickness of 12 was prepared by coextrusion 
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followed by stepwise orientation in longitudinal and trans- 
verse directions, in a similar manner to that of Example 1. 
Compared with Example 1, only the outer layers were 
changed. 



The outer to yen are a mixture of: 
34 0*0 by weight of 
\6.0Tv by weight of 



polyethylene terephihnlnte having an SV 
of 300 

masterbatch made from 99.0% by weight 
of polyethylene terephthalate (SV of 800) 
and 0.5% by weight of Sylobloc 44 H 
(Grace) and 0.53> by weight of Aerosil TT 
600 (Degussa) 



The process conditions selected for all layers were as in 
Example 1. 

EXAMPLE 4 

A transparent film having three layers, ABA structure and 
a total thickness of 12 pm was prepared by coextrusion 
followed by stepwise orientation in longitudinal and trans- 
verse directions, in a similar manner to that of Example 1. 
Compared with Example 1, only the outer layer A was 
changed. 



The outer layers are a mixture of: 
80.0% by weight of 
20.0% by weight of 



polyethylene terephthalate having an SV 
of 300 

masterbatch made from 99.0% by weight 
of polyethylene terephthalate (SV of 800) 
and 0.5% by weight of Sylobloc 44 H 
(Grace) and 0.5% by weight of Aerosil TT 
600 (Degussa) 



EXAMPLE 5 



18 



followed by stepwise orientation in longitudinal and trans- 
verse directions, in a manner similar to that of Example 5. 
Compared with Example 5, the thickness of the outer layers 
was increased from 1.5 to 2.0 /mi 
5 

EXAMPLE 7 

A transparent film having three layers, ABA structure and 
a total thickness of 12 /<m was prepared by coextrusion 
1Q followed by stepwise orientation in longitudinal and trans- 
verse directions, in a manner similar to that of Example 4. 
Compared with Example 4, the Aerosil TT 600 was omitted. 

EXAMPLE 8 

15 A transparent film having three layers, ABA structure and 
a total thickness of 12 /<m was prepared by coextrusion 
followed by stepwise orientation in longitudinal and trans- 
verse directions, in a manner similar to that of Example 7. 
Compared with Example 7, the thickness of the outer layers 

20 was lowered from 1.5 to 1.0 /mi. 

COMPARATIVE EXAMPLE 1 



25 



30 



35 



The process conditions selected for all layers were as in 
Example I. 



40 



A transparent film having three layers, ABA structure and 
a total thickness of 12 /*m was prepared by coextmsion 
followed by stepwise orientation in longitudinal and trans- 
verse directions, in a manner similar to that of Example 3. 45 
Compared with Example 3, the thickness of the outer layers 
was reduced from 1.5 to 1.0 ^m. The process conditions 
selected for all layers were as in Example 1. 

EXAMPLE 6 50 

A transparent film having three layers, ABA structure and 
a total thickness of 12 /<m was prepared by coextrusion 



Example 1 of EP-A-0 514 129 was repeated. The gloss of 
the film is unsatisfactory. The metalized version in a thick- 
ness of 12 /*m did not have the required barrier values. 

COMPARATIVE EXAMPLE 2 

Example 1 of EP-A-0 604 057 was repeated. The gloss of 
the film and the reeling of the film is unsatisfactory. In 
addition, the film does not present a cost-effective solution 
with respect to use in the packaging market and is also 
inadequate in respect of its reeling behavior. 

COMPARATIVE EXAMPLE 3 
Example 1 of EP-A-0 124 291 was repeated. 

COMPARATIVE EXAMPLE 4 
Example 1 of EP-A-0 490 665 was repeated. 

COMPARATIVE EXAMPLE 5 
Example 1 of DE-A-16 94 404 was repeated. 

COMPARATIVE EXAMPLE 6 
Example 15 of EP-A-0 061 769 was repealed. 

COMPARATIVE EXAMPLE 7 
Example 1 of EP-B-0 088 635 was repeated. 



TABLE 2 



Film 
thick- 


Film 


Layer 
thick- 
nesses 




Average 
oiiiment diameter 


Pigment concen- 
trations 


ness 


struc- 


ABC 


Pigments in the layers 


B 


B 


Example >*m 


ture 




ABC 


A urn C 


A ppm C 



Example 1 
Example 2 
Example 3 



12 



12 



12 



ABA 1.5/9.0/l.S Sylobloc 44 H none Sylobloc 44 H 2.5 2.5 500 0 500 

Aerosil TT 600 Aerosil TT 600 0.04 0.04 500 0 500 

ABA 1.5/9.5/1.5 Sylobloc 44 H none Sylobloc 44 H 2.5 2.5 600 0 600 

Aerosil TT 600 Aerosil TT 600 0.04 0.04 600 0 600 

ABA 1.5/9.5/1.5 Sylobloc 44 H none Sylobloc 44 H 2.5 2.5 800 0 800 
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20 










TAliLH 2<ontinucd 


















Layer 


















Film 




thick- 






Average 


Pigment conccn- 




thick- 


Kilm 


ncswrs 










i rations 








ABC 


Pigments in ihc layers 




u 
u 




B 




Example 


fan 


lure 


fim 


A 


B C 


A 


fim C 


A 


ppm 


C 










Aerosil TT.600 


Aerosil TT 600 


0.04 


0.04 


800 


0 


800 


Example 4 


12 


ADA 

ADA 




Sylobloc 44 H 


none Sylobloc 44 H 


2.5 


2.5 


1000 


0 


1000 








Aerosil TT 600 


Aerosil TT 600 


0.04 


0.04 


1000 


0 


1000 


Example 5 




ABA 




Sylobloc 44 H 


none Sylobloc 44 H 


2.5 


2.5 


800 


0 


800 








Aerosil TT 600 


Aerosil TT 600 


0.04 


0.04 


800 


0 


800 


example o 




ABa 


2. 0/9. 5/ 1.0 


Sylobloc 44 H 


none Sylobloc 44 H 


15 


2.5 


800 


0 


800 








Aerosil TT 600 


Aerosil TT 600 


0.04 


0.04 


800 


0 


800 


Example 7 




ABA 




Sylobloc 44 II 


none . Sylobloc 44 II 


2.5 


2.5 


1000 


0 


1000 


Example 8 




A R A 

ADA 




Sylobloc 44 H 


none Sylobloc 44 H 


2.5 


2.5 


1000 


0 


1000 


Comp. Ex. 1 


75 


ABA 


4/68/4 


Glass beads 


none Glass beads 


2.7 


2.7 


300 


0 


300 








Aerosil OX 50 


Aerosil OX 50 


0.04 


0.04 


1200 


0 


1200 


Comp. Ex. 2 


60 


ABA 


1.5/63/1.5 


Tosperl 130 


none Tosperl 130 


3.0 


3.0 


600 


0 


600 


Comp. Ex. 3 


10 


A 




Anatase - Tt0 2 




0.4 




1500 




Comp. Ex. 4 


14 


A 




0 


• A1,0, 




0.2 




3000 




Comp. Ex. S 


15 


ABA 


2.5/20/2.5 


kaolin 


— kaolin 


4 


4 


1250 




1250 


Comp. Ex. 6 


15 


AB 


7.5/7.5 


zinc acetate 


kaolin ♦ 






230 


5000 + 








antimony 


lubicaat as coaling 






400 


solution 










trioxide 














Comp. Ex. 7 


12 


AB 


6/6 




. internal particles 




1.5 




2000 



TABLE 3 

Constants for the height Constants for the 

distribution of the thickness distribution Oxygen Coefficient 

particles of the particles barrier friction. Roughness R, 

^ B,, . A<, Bj ,cm J /m 2 uk Side A Side C Gloss 0 Haze° Processing 

Example Side A'Sidc C Side A/Side C bar d A/A OC run nm. Side A • Side C % behavior 



Example 1 


1.3/1.3 


2.7/2.7 


3.0/3.0 


2.4/2.4 


0.58 


0.46 


0.46 


45 




45 


200 




200 


1.1 


good 


Example 2 


1.478/1.478 


2.6/2.6 


3.18/3.18 


2.33/2.33 


0.65 


0.4 


0.4 


•50 




52 


195 




195 


1.2 


very good 


Example 3 


1.6/1.6 


2.6/2.6 


3.3/3.3 


2.3/2.3 


0.7 


0.35 


0.35 


55 




56 


190 




190 


1.3 


very good 


Example 4 


1.7/1.7 


2.6/2.6 


3.4/3.4 


2.4/2.4 


0.90 


0.33 


0.33 


60 




60 


175 




175 


1.4 


very good 


Example 5 


1.61/1.61 


2.6/2.6 


3.31/3.31 


2.3/2.3 


0.75 ' 


0.35 


0.35 


53 




55 


195 




190 


1.1 


very good 


Example 6 


1.62/1.62 


2.58/2.58 


3.32/3.32 


2.31/2.31 


0.78 


0.4 


0.4 


55 




60 


185 




185 


1.4 


very good 


Example 7 


1.7/1.7 


2.57/2.57 


3.35/3.35 


2.4/2.4 


0.8 


0.4 


0.4 


50 




52 


190 




190 


1.2 


very good 


Example 8 


1.71/1.71 


2.57/2.57 


3.36/3.36 


2.4/2.4 


0.75 


0.4 


0.4 


54 




55 


195 




190 


1.1 


good 


Comp. Ex. 1 










1.3 


0.46 


0.46- 


35 




35 


160 




160 


1.0 


good 


Comp. Ex. 2 










0.6 


0.26 


0.26 


55 




55 


165 




165 


0.6 


moderate 


Comp. Ex. 3 










2.4 


0.15 




10 






130 




7 


good * 


Comp. Ex. 4 










3.1 


0.2 






20 






120 




9 


good 


Comp. Ex. 5 










1.7 


0.4 






75 






175 




1.5 


good 


Comp. Fx. 6 










1.S 


blocks 


0.4 


3.6 




15 


175 




130 


9 


bad 


Comp. Ex. 7 










0.45 


blocks 


0.3 


3 




14 


180 




150 


5 


very bad 



^Measured on the unmctalizcd film 
Side A: metallized outer layer 
Side C: unmetallized outer layer 



What is claimed is: 

1. A biaxially oriented, coexinidcd polyester film which 
has at least three layers and has at least a base layer B which 55 
is composed to an extent of at least 95% by weight of 
polyethylene tcrephthalatc and has, applied to this base 
layer, outer layers A and C which contain internal and/or ' 
inert particles, where the outer layers A and C have a number 
of elevation/protrusions N per mm 2 of film surface area 60 
which is related to their respective heights h and diameter d 
by the following equations 

**i-*m* 1 «* h/^m<log N;mm'<H M -ff*/lug h/pm (1) 
0.01 /«n<h<l0 fia\ 

65 

A M — 1.000; B M -3.70 
A„-2.477; B„-2.22 



^i-B dl '\og d/>im<log N/mm'^A^-fl^-log d'^m (2) 
0.4 ^m<d<10 ^m 
A„-1.700; B rfl -3.86 
A«-4.700; B, 2 -2.7Q. 

2. A polyester film as claimed in claim 1, wherein the 
outer layers contain less than 0.20% by weight of an inert 
filler. 

3. A polyester film as claimed in claim 1, wherein the film 
is a metalized or oxidically coated film having an oxygen 
transmission of = 1.0 cm 3 /m 2 bar d. 

4. A polyester film as claimed in claim 3, wherein the 
metallized or oxidically coated film has an oxygen trans- 
mission of =0.80 cmVm 2 bar d. 
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5. A polyester film as claimed in claim 1, wherein ihc 
layer A has a glass transition temperature higher than that of 
the base layer B. 

6. A polyester film is claimed in claim 1, wherein the outer 
layers have a thickness of from 0. 1 to 2. /«n. 

7. A polyester film as claimed in claim 1 , which is built up 
from three layers and is composed of an outward-facing 
outer layer A, the base layer B and a second outer layer C 
which is applied to the side of the base layer B opposite to 
that of the outer layer A. 

8. A polyester film as claimed in claim 7, wherein the 
outer layers arc pigmented. 

9. A polyester film as claimed in claim 8, wherein the 
outer layers are differently pigmented. 

10. A polyester film as claimed in claim 9, wherein at least 
one outer layer is in-line coated. 

11. A polyester film as claimed in claim 8, wherein at least 
one outer layer is in-line coated. 

12. A polyester film as claimed in claim 1, wherein the 
outer layers are pigmented. 

13. A polyester film as claimed in claim 1, wherein the 
outer layers are differently pigmented. 

14. A polyester film as claimed in claim 1, wherein at least 
one outer layer is in-line coated. 

15. A process for producing a biaxially oriented, multi- 
layer polyester film as claimed in claim 1, in which polyester 
melts corresponding to the formulations of the outer and 
base layers are fed to a coextnision die, extruded from this 
die on a cooling roll, and the resultant prefilm is then 
biaxially oriented and heat-set, wherein the outer layers have 



a number of elevations/protrusions N per mm" of film 
surface area which is related to their respective heights h and 
diameter d by the following equations 

5 A»i-0«t*bg h/>m<log N7mm 2 <A„-ff*,'log K'jim (1) 

0.01 >im<h<l0fon 

A M — 1.000; B M -3.70 
10 A.-2.477; B A2 -2.22 

0.4 /an<d<10 fim 

15 A^-1.700; B^-3.86 
A^-4.700; B^-2.70. 

16. A process for producing a biaxially oriented, multi- 
layer polyester film, as claimed in claim 15, in which reclaim 

20 is introduced to the coextnision die in a concentration of 
from 10 to 50% by weight, based on the total weight of the 
film. 

17. A method for packaging of foodstuffs which com- 
prises packaging said foodstuffs in a polyester film as 

25 claimed in claim 1. 

18. A method for the production of hot-stamping foils 
which comprises producing said hot-stamping foils from a 
polyester film as claimed in claim 1. 



